In this research, composites of layered double hydroxide (LDH) with three Jordanian natural raw materials; Tripoli (T), Pozzolana (P) and Feldspar (F) were prepared by co-precipitation and have been used for feed seawater pre-treatment. The data reveals that percent adsorption decreased with increase in initial concentration, but the actual amount of adsorbed ions per unit mass of LDH/T-P-F increased with increase in metal ion concentrations. 
Introduction
Pre-treatment of the feed water entering a desalination unit such as MSF involves reduction of salinity and hence reducing or in some cases eliminating scale forming species (in MSF or MED for example) to a certain extent. This will increase the efficiency of the process, reduce the pumping power (in RO systems), reduce or eliminate the scale and consequently reduce the cost.
Using low-cost materials for pre-treatment is increasing world-wide because of its positive impact on the net production cost. Various treatment techniques and processes have been used to remove the pollutants from contaminated water. Among all the approaches proposed, adsorption is one of the most popular methods and is currently considered as an effective, efficient, and economic method for water purification. The adsorbents used include activated carbon, clay minerals, zeolites, metal oxides, agricultural wastes, biomass and polymeric materials [1] . In this research, three Jordanian low-cost natural raw materials (Tripoli, Pozzolana and Feldspar "T-P-F") have been chosen for seawater pre-treatment. The selected adsorbents were used because they are available in huge amounts in Jordan, low-cost, environmentally friendly and have high adsorption capacity [2] .
Tripoli, from south Jordan (Tafila area), is amorphous, white, soft and highly porous beds of quartz (silica-opal-A) [3] . Tripoli is a clay mineral, contains more than 92% SiO 2 , available in large quantities in the southern part of Jordan [4] . Al-Zaydien [5] studied the adsorption of methylene blue from aqueous solution onto a low-cost natural Jordanian Tripoli. The results show that the natural Jordanian Tripoli, abundant low-cost clay, can be used as sorbent for the removal of methylene blue dye from aqueous solutions.
Pozzolana, from south Jordan (Jabal Al Ataita), is a natural volcanic slag, covered a large area in Jordan. Many researchers studied the using of pozzolana and volcanic tuff in water and wastewater treatment. Attilli [6] has evaluated the Jordanian phillipsitic tuff for applications in water softening, removal of ammonium and toxic heavy metal ions in laboratory and pilot plant scale. Ed-Deen [7] has evaluated zeolites from Tell Rimah for industrial wastewater treatment.
The results have indicated that Tell Rimah zeolitic tuff showed high selectivity for the removal of Cu, Cr, Ni and Zn from electroplating factory effluents and could be used for removing Pb and Fe from the wastewater of the Battery Factory. Al Dwairi [8, 9] studied the characterization of Jordanian basaltic rocks and zeolitic tuff and the potential use of zeolitic tuff in removing Zn and Pb from domestic wastewater. Ibrahim and Jbara [10] have used natural phillipsite-faujasite tuff from Jordan to remove paraquat from synthetic wastewater.
Feldspar is the most abundant mineral group in the world, forming around 60% of the earth's crust, and is found in igneous, metamorphic and sedimentary deposits in most countries [11] .
Feldspars are occurring in high quantities in many locations of Wadi Araba, southern Jordan (where the igneous and metamorphic rocks occurred). They are divided into two major divisions:
(i) potash feldspars, and (ii) soda-lime feldspars. Feldspar minerals are thermodynamically unstable in the near-surface environment and their surfaces are well known to react readily with aqueous solutions, leading to incongruent dissolution at low pH values, but congruent dissolution at neutral and high pH values. Interactions with mineral surfaces are an important control on the environmental transport of trace elements and detrital feldspars are abundant in soils and sediments. However, the interactions of metal ions in solution with the reacting feldspar surface have not been widely explored. The reactions of the feldspar surface with metal ions of Pb(II), U(VI) and Np(V) has been studied [12] , and of U(VI) has been studied by Torstenfelt et. al. [13] and Walter et. al. [14] . The presence of CO 3 2-in solution enhances U(VI) solubility at high pH so that sorption usually reaches a maximum at near-neutral pH. Uptake mechanisms differ in detail, depending on pH [15] . It is the first time to use feldspar in seawater treatment In Jordan.
There is much less information available on sorption of ions by feldspar on Jordan while for the gray-dark gray type is 1.64. XRD analysis of pozzolana/zeolitic tuff samples revealed that most samples are composed of phillipsite as major constituents followed by chapazite and faujasite. Each one has own specific gravity and due to that phillipsite, chapazite and faujasite can be separated from each other [17] . 
Methods of preparation and analysis

Preparation of the LDH-Natural Material composite
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Batch Seawater Pre-treatment Experiments
The adsorption experiments were conducted by using a certain amount of the material (T-P-F) "a batch system" (2 g in 100 ml beaker), 50 ml of filtered seawater are added and the beaker kept in thermostated conditions at the desired temperature, viz., 30, 40, 50, and 60 o C, with continuous shaking for 2 hs. Natural seawater samples were taken from the Gulf of Aqaba. Batch mode was selected because of its simplicity and reliability. The samples are then filtered and kept in polyethylene bottles for chemical analysis. The water samples were analyzed using ion chromatography (IC) (Dionex-100 with an AG4A-SC guard column, AS4SC separating column, an SSR1 anion self-regenerating suppressor and a conductivity meter). All experiments were performed in duplicate at least and mean values were presented with a maximum deviation of 3%.
Results and Discussions
The 
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The data reveals that percent adsorption decreased with increase in initial concentration, but the actual amount of adsorbed ions per unit mass of LDH/T-P-F increased with increase in metal ion concentrations. This means that the adsorption is highly dependent on the initial concentration of ions. This is because at lower concentration, the ratio of the initial number of ions to the available surface area is low; subsequently the fractional adsorption becomes independent of initial concentration. However, at high concentration the available sites of adsorption becomes fewer, and hence the percentage removal of the ions is dependent upon initial concentration [20] .
The LDH/T-P-F composites could be used for the removal of ions from seawater and it is expected to have a great potential, if it is prepared in a suitable way, to be applied in pretreatment process, since the results presented here are a single batch experiment. Upon dilution, the percentage removal may reach 25% in a single batch experiment. A multi-pass setup may increase the ions removal to a higher extent, suitable for pretreatment requirements of 80 to 90%.
The scaling potential will be calculated and experimentally investigated for a thermal and/or a membrane system. Adsorption/catalytic reduction process has been found to be efficiently used in water purification. In the recent years, many kinds of adsorbents with the catalytic reduction function were developed and used in removing nitrate, heavy metals, and organic pollutants from water.
Figure 2: LDH-Tripoli, removal of: (A) Na
The modified hydrotalcite-type (HT) adsorbent was used here because it is a typical, low-cost, and easy to prepare. As reported, many kinds of ions may enter the interlayer space of HT and consequently be adsorbed. Especially, after calcinations, the reconstruction of the original hydrotalcite with the positive charge layers was obtained [1] .
It was found [21] that the co-existing anions in solution lead to the decrease of deionization capacity of LDH for F -in the order of PO 4 3-> SO 4 2-> Cl -. The phosphate ions have maximal effect on fluoride removal, and hence other monovalent ions, by LDH. The effect of these anions towards defluoridation may be due to their affinity towards LDH. LDH have greater affinities for anions with higher charge density, i.e., multicharged anions get adsorbed more easily than that of monovalent anions. This, indeed, is helping in two aspects; the removal of multivalent ions is the key issue of preventing scale formation in the desalination process, and the low concentration of the multivalent ions in seawater give better chance to remove more monovalent ions and increase the efficiency of the pre-treatment process.
Basic assumption of Langmuir isotherm is that adsorption takes place at specific homogeneous sites within the adsorbent. Langmuir isotherm can be represented as [22] e L e L L e C a
where C e is the equilibrium concentration (mg/l), Q e is the amount adsorbed at equilibrium (mg /g), and K L and a L are the Langmuir constants related to the adsorption capacity and energy of adsorption, respectively. The theoretical maximum monolayer adsorption capacity, Q m (mg/g), is
given by K L /a L .
The essential characteristics of Langmuir isotherm can be expressed in terms of a dimensionless constant separation factor, R L , which is defined as:
The linear plots of C e /Q e versus C e suggest the applicability of the Langmuir isotherm ( Figure   3 ). The value of adsorption efficiency Q m and adsorption energy b of the LDH/T-P-F increases on increasing the temperature. It can be concluded that the maximum adsorption corresponds to a saturated monolayer of adsorbate molecules on the adsorbent surface with constant energy and no transmission of adsorbate in the plane of the adsorbent surface [20] . The adsorbent prefers to bind to acidic ions and that speciation predominates on the sorbent characteristics, when ion exchange is the predominant mechanism. Further, this confirms the endothermic nature of the processes involved in the system. The separation factor (R L ) has been found to be between 0 and 1 which confirms the favorability of the adsorption process [23] . 
where as is the activity of adsorbed ion, a e is the activity of the ion in solution at equilibrium, ν s is the activity coefficient of the adsorbed ion and ν e is the activity coefficient of the ion in solution at equilibrium. As the ion concentration in the solution decreases and approaches zero, the activity coefficient ν approaches to unity. The last equation may be written as: 
K can be obtained by plotting a straight line of ln (Q e /C e ) versus Q e and extrapolating Q e to zero.
Its intercept gives the values of K [23] .
The adsorption standard free energy changes (ΔG o ) can be calculated according to
where R is the universal gas constant (8.314×10 −3 kJ/K mol) and T is the temperature in Kelvin.
Enthalpy (ΔH o ), and entropy (ΔS o ) were calculated using the following equation:
where K is the equilibrium constant, C solid is the solid phase concentration at equilibrium (ppm), C liquid is the liquid phase concentration at equilibrium (ppm), T is the temperature in Kelvin, and R is the gas constant. Figure 4 shows the plot of -logK versus 1000/T, based on average TDS values, of the three LDH/T-P-F materials.
Figure 4: A plot of -logK versus 1000/T, based on average TDS values, of the three LDH/T-P-F materials.
The ΔH o and ΔS o values obtained from the slope and intercept of the Van't Hoff plots have been presented in Table 4 . by the adsorbate species, gain more translational entropy than is lost by the adsorbate molecules, thus allowing the prevalence of randomness in the system. From the results, we could make out that physisorption is more efficient. Enhancement of the adsorption capacity of the LDH/T-P-F composite at higher temperatures has been attributed to the enlargement of pore size and activation of the adsorbent surface [20] . Calcined MgAl-CO 3 layered double hydroxides were used to remove fluoride with the reconstruction of their original layered structure in the presence of appropriate anions [21] . 
Conclusion
The experimental data correlated reasonably well by the Langmuir adsorption isotherm. The dimensionless separation factor (R L ) showed that the LDH/T-P-F composites could be used for the removal of ions from seawater and it is expected to have a great potential, if it is prepared in a suitable way, to be applied in pre-treatment process, since the results presented here are a single batch experiment. Upon dilution, the percentage removal may reach 25% in a single batch experiment. A positive value of ΔH o indicated that the adsorption of ions from seawater on LDH/T-P-F composite was endothermic. Since ΔG o were negative and were accompanied by positive ΔS o , the reactions were spontaneous with high affinity for ions.
In a next phase project, a pilot plant setup will be developed to ensure a multi-pass process to increase the ions removal; the scaling potential will be calculated and experimentally investigated for a thermal and/or a membrane system. 
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